We consider a spinning charge coupled to the Maxwell field. Through the appropriate symmetry in the initial conditions the charge remains at rest. We establish that any time-dependent finite energy solution converges to a sum of a soliton wave and an outgoing free wave. The convergence holds in global energy norm. Under a small constant external magnetic field the soliton manifold is stable in local energy seminorms and the evolution of the angular velocity is guided by an effective finitedimensional dynamics. The proof uses a non-autonomous integral inequality method.
Introduction
Over the past years we have studied the dynamical properties of the Abraham model for a classical charge coupled to the Maxwell field, [6, 8, 11, 9] . The Abraham model is semirelativistic, since the charge distribution is rigid and independent of the velocity. Although widely used, physically this model is not quite consistent: a rigid charged body which has zero internal angular momentum initially, will start to rotate, in general, through the self-generated Maxwell field. In this note we will remedy such a short-coming and study a few dynamical aspects of the Abraham model with spin.
The equations of motion are easily written down. The Maxwell field consists of the electric field Eðx; tÞ and the magnetic field Bðx; tÞ. The charge has the center of mass q with the velocity _. For notational simplicity we assume that the mass distribution, m ðxÞ, and the charge distribution, e ðxÞ, are proportional to each y Supported partly by the Wittgenstein 2000 Award of Peter Markowich, funded by the Austrian Science Foundation (FWF), research grants of DFG (436 RUS 113=615=0-1(R)) and RFBR (01- other. Here m is the total mass, e is the total charge, and ðxÞ is a ''smooth'' radially symmetric smearing function of compact support, explicitly, r; 2 L 2 ðR 3 Þ; ðxÞ ¼ r ðjxjÞ; ðxÞ ¼ 0 for jxj 5 R ;
The angular velocity of the charge is denoted by !ðtÞ 2 R 3 . Then the Maxwell equations read (cf. [4, 11] and compare with [1, 2])
where the current has now a contribution also from the internal rotation, together with the constraints, divEðx; tÞ ¼ eðx À qðtÞÞ; divBðx; tÞ ¼ 0: ð1:2Þ
The back reaction of the field onto the charge is given through the Lorentz force equation
and the Lorentz torque equation
with the moment of inertia . This result is surprising at first sight, but reflects the semirelativistic nature of the Abraham model. The velocity singles out a direction, which is then taken by !. Eventually one has to understand the domain of attraction of these soliton-like solutions. In this paper we want to restrict ourselves however to a somewhat simpler situation, where the charge remains at rest for all times, q 0. This can be achieved by assuming the (anti-) symmetry conditions EðÀxÞ ¼ ÀEðxÞ;
BðÀxÞ ¼ BðxÞ ð 1:7Þ
